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DECLARATION UNDER RULE § 1.131 

I, Richard A. Anderson, hereby declare that: 
1. I am a co-inventor in U.S. Patent Application Serial 
No. 10/606, 038 filed June 25, ' 2003 and am most familiar with the 
subject matter of this application and the research effort which 
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lead to the discovery of the instant invention. All the work 
described in the following paragraph occurred at the University of 
Wisconsin located in Madison, Wisconsin, USA. 

2. I have reviewed Caenepeel (US 2005/0125852 Al) . 
This reference is not relevant to the above-referenced 
application. My invention relates to the discovery that the 
phosphatidylinositol phosphate kinase Y661 isoform (PIPKIY661) is 
specifically targeted to focal adhesions by an association with 
talin. We found that PIPKIY661 was tyrosine phosphorylated by focal 
adhesion-associated kinase signaling, increasing both the activity 
of phosphatidylinositol phosphate kinase and its association with 
talin. This is in contrast to the teachings of Caenepeel, wherein 
mammalian protein kinases and • protein kinase-like enzymes are 
described. Phosphatidylinositol phosphate kinases and protein 
kinases have different and distinct substrates, i.e., lipids 
versus proteins, and are therefore different enzymes. 

3. In any event, as evidenced by the publication 
entitled "Type 1Y Phosphatidylinositol Phosphate Kinase Targets and 
Regulates Focal Adhesions" ( (November 2002) Nature 420:89-93) 
attached hereto, experiments were being carried out in my. 
laboratory prior to May 9, 2003, which led to the assay disclosed 
in the above-referenced application. For example, we demonstrated 
binding of talin with PIPKIY661 in ' the presence of an antibody 
during immunoprecipitation experiments (see page 90, third full 
paragraph of column 1) . While the antibody employed did not appear 
to modulate binding of talin to PIPKIY661, this discovery showed 
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that we could readily detect agents which modulate the interaction 
between talin and PIPKIY661. 
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4. The experiments presented in the above-referenced 
publication occurred prior to" May 9, 2003, as evidenced by. a 
reception date of June 2, 2002 for the manuscript by the journal 
Nature. 



I further declare that all statements made herein of my 
own 'knowledge are true and that all statements made on information 
and belief are believed to be true, and further, that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine^ or 
imprisonment , or both, under Section 1001 of Title 18 of the 
United States Code, and ■ that such willful false statements may 
jeopardize the validity of the application or any patent issuing 
thereon. 
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association with talin.- This defines a mechanism for spatial 
generation of Ptdlns(4,5) P 2 at focal adhesions. 

. Adherence to extracellular matrix stimulates the generation of 
Ptdins(4;5)p2 (refs 4, 6) and potentially modulates focal adhesion 
assembly around clusters of integrins 1-10 . Type I phosphatidyl- 
inositol phosphate kinase isoforms (PIPKIs) generate the lipid 
messenger PtdIns(4,5)P 2 (refs 1 1, 12). The PIPKI7 transcripts are 
alternatively messenger RNA spliced, resulting in the PIPKry635 
and PiPlCI'Y661 isoforms that differ by a 26-amino-acid carboxy- 
terminai extension 1 *. 

PIPIG766I is specifically targeted to focal adhesions (Fig. la). To 
determine if the G- terminal 26 amino acids are sufficient for 
targeting, these residues were fused to green fluorescent protein, 
GFRll^ to' focal adhesions, sti^sting 

tfciat .iotfer.f epons Within PiPKI-y.66.1- ate also required. ^3e^ine 
ithesejconstrairits, vve prepared chimaeras using PIPKIa, anenzyme 
riot targeted to •fo'cai adhesions (see Supplementary Information). 
The PIPKIa/7 chimaeras contained 1 78 residues Jfrom the C 
terminus of PlPKPy661 (PIPKIa/^661) or simply the PIPKI766I 
26 amino acids fused to the C terminus of PIPKIbt (PIPKIpi/726) 
PIPKIa^661,an3 PlPKIaAy26 target to focal adhesions, but not 
RIPKiot/y635- (Fig. ; la). Enhanced targeting of the PIPKIa con- 
structs with the C-terminal 26 residues reflects structural or func- 
tioriatTeatureso such 
asyimerformation; which is required.for activity at membranes' 2 ^ 4 . 

'^^use^^ specifically 
tnterart,with'PTPKr7iS61;Haem PlPKI-y 661 

or PIPKI^635 were expressed in HEK 293T cells, and isolated by 
im munop reci pi ta t tori. As numerous focal adhesion proteins arc 
tyrjpsm im munopreci pitateswere i mmuno- 

blotted . with anti-phosphotyrosine ^antibodies. A ty rosin e-ph 6 s- 
phbrylated prdSin .of reiative molecular 

was selectively lmmunoprecipitated \>ath PIPKI766I (Supplemen- 
tary.inforrnatipn). This protein was identified as talin J5J6 (Fig. lb). 
:uyri.;foeaMdhesion associated IdnaseiFAKV and tenj;iri did nor 



P1PKI isoforms reorganizes actin from stress: fibres to cortical 
actin" filaments 1 IJ3 . Thus; phenotypes observed by high overexpresr 
?ipn 6f : PIPKI-y661 may also affect focal adhesions indirectly. 

Kinase inactive mutants, when expressed in cells, will often 
disrupt the function of the wild^type kinase by cdmpeh'ng fer 



PIPKIa/7 chimaeras that target to focal adhesions associated with 
talin (Fig. lb). To confirm the ta!in-PIPKI-y661 interaction, talin 
was i mniujiopredpitate3 : from H EK 93T ? -'celis^ v 6ver'ex^r'ess1n5g 
PIPKty66i or PIPKI7635 . Talin pu^ 
PIPKh635 (Fig. ibj. In addition, endoge^^^ 
formsare widely expressed in various cell lines. Vv^en endogenous 
PIPKI^3asiramu^ from a : vane^;ofceUs\^ 

association was observed (Supplementary Information). 1 

A yeast it>y.o-hybri^ screen using the 178-residue C-terrhinal 
region ofePIPK^6|61 as bait resulted an the isolation of .12 talin 
cipher This demonstrated a direct interaction,: and narrowed the 
interacting region to residues 150 to 480 in the tahn head region 
This re|ion!en<:ompasses a port ion of il and the F2 and ^regions 
of ralih-s 'band 4 1,. ezrin, radixin, moesinV(FERM) homology 
fdpmaihVThe talih- PERM domain also contains : regions sho wn to 
interactive 

These data show that the PIPKI7 66 1— talin association is import- 
ant fortargetirigPrPkiy661 to focal adhesions. This is reinforced by 
the'lrnm unofl uorescent colbcal iza tion of PIPKfcy 661 arid talin in 
NRK cells (Fig. 2). As^PtdIns(4,5)P 2 modulates the^association of 
talih with (3-mtegrin and other focal adhesion proteins 79 ,0 , the 
'PIPKfy66l-talin interaction may regulate the focal adhesion 
assembly of, talin 'Moderate overexpression of PIPKI766I resulted 
in substantially larger talin-containing focal adhesions in 43% of 
^elis^mpar^ cells (Fig. 2). This supports a 

model whereiPIPKl'V 661. .modulates talin assembly into focal adhe? 
:sions>High overexpression of PIPKI766 1 , but not* P1PK1^635, 
resulted in a loss of talin' from focal adhesions in 49% of the 
trahsfected cells (Fig, 2) These data indicate that increasing levels 
^fSlns(4,5)P 2 at focal adhesions cause talin assembly and 
^disa^ a dynamic model. Overexpression of 




Figure 1 PIPKly661 . Is targeted to focal adhesfons;by an ass<wla|or^|||^ 

(green) and polyclonal anll-phosphotyrosine (pY) {red) anL'bodies~..FusIon pro ' 
containing (he C terminal 26 amino acids from PIPKrt661s|io\v t _ 
adhesions In NRK cells. c-Myc-PIPKIoAf chimaeras and HA-PiPKh&35 ware si^ 
c-Myc and HA antibodies, respectively. See Supplementary infoVmation-ton^' 
chimaeras .:ScaIe bar; t0>m. b, Overexpressed PIPKi.'cohsin^^wr|^^^ 
imrnunopreclpna^ 
anlibc<l!es,c/PIPkK661 interacts.^ 

twb-hybnttsa^ ol other talin binding proteins 1n;FEfiM jclo^^ 
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pargeting or regulation. Expression of a kinase-inactive ('kinase- 
^dcod') PIPKI-V661 mutant (PIPKl7661kd) resulted in a loss of talin 
•iargeting to focal adhesions in 70% of the cells expressing high levels 
JfFig. ?). This is consistent with the proposed role for Ptdlns(4,5)P 2 
lin. talin. assembly into focal adhesions 1 " 9 . 

:;During adhesion and spreading, cells assemble focal adhesions 
|r^idly, providing a good model to define die role of PIPKrv661 in 
;membrane and focal adhesion assembly, of talin, PiPKlv661 fecili- 
J^t^metar^etingof talin to the plasma membrane in adhering cells 
pFig. 3). This was independent of PIP kinase activity, as PIP- 
|P^661kd also facilitated targeting (Fig. 3 inset; see also Supplemen- 
tary Information). Signifi facilitated the assembly 
fpf talih-cohtaihihg focal adhesions in: spreading cells, and thisi was 
dependent on PIP kinase activity (Fig. 3). These data show that 
PIPKI766! regulates both plasma membrane targeting and the 
(efficient assembly of talin into focal adhesions. 
■ , The Association between PIPKI766I and toliri: was also regulated 
b^adKesibn;t6; t^ I collagen. In Fig. 4a,:We show co-immunppre- 
dpttappnof talin with PIPKFv661 from HEK 293T cells m suspen- 
sion versus cells adherent to type I collagen. Talin strongly 
Isiociated wimiPlPKI^661 in adherent cells, but not in suspended 
f ^ejls; HoWv^ cells the 
fefinrwasres^^ 

'aad^C^^ factor (PDGF)i 

:= Tyrosine phosphorylation^ of focal ac&esion. proteins is; stirnu- 
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Rgurej2Pi^6% 

PIPKhy and endogenous talin in NRK refls were visuafe^ (by'anU-PIF^ serum (green) 
manmhrn^i^i respectively. Relative expression level, of PIPKI7. is shown 
(+), Low.HA#iPKlY661 (+) cclocalized with talin, and the increasing moderate . 
expression (++) induced larger tailn-containing local adhesions, whereas high 
werexpression (++£) diminished talin assembly in to.foral adhesions High expression 
fpf pjPH^661kiJ abolished talin assembly Into focal adhesions High expression of 
PIPKh635 constructs had no effect on focal adhesions. Scale bar. 10 urn. 



lated by adhesion, and is important for focal adhesion assembly 21 . 
PIPKIry661 is tyrosine phosphoryiated, and this was dependent 
upon PIP kinase activity (Fig. 4a). Tyrosine phosphorylation was 
also stimulated upon cell adhesion to type I collagen. FAK is an 
important tyrosine kinase at focal adhesions and is activated by 
LPA 22 . So to determine FAK-s role in tyrosine phosphorylation of 
PIPKI^l, we coexpressed dominant active FAK (CD2FAK) 23 with 
each of the : PIP1^7 -ispfoi^Jt^is.in.duqed a ^4-rfold increase in 
tyrosine phcwpr^ladori of PlPK^SSl, but not PIPKI-Y635, illus- 
trating that focal acuiesiphnargeting is required for tyrosine phos- 
phorylation of PIJRKj-y6t61. Tyrosine phosphorylation of 
PlPKl^ikd was also ^stimulated by compression of CD2FAK, 
although to a lesser extent Coexpression of the dominant-negative 
FAK related noli-ldhase (FIINK), which blocks endogenous FAK 
activity, diminished tyros . FRNK 

also inhibited adhesion-stirnulated PIPKI766I tyrosine phos- 
phorylation. The M phosphoryla tio n of PIP- 
KI^66l;Cprreiatesw 

talin. Tyrosine phosphorylation o f PiPKl-y 66 j may facilitate associ- 
ation with talin via the phosphotyrosirie-binding site in the talin 
head 2 ^. Significantly, GD2FAK bu t not FRr4K specifically stimulated 
uhie activity Of PIPKI766I. These data indicate that EAK signalling 
stimulates both talin association and PIP kinase activity, resulting in 
localized I generiion ; ^f;Pr^ns(4 l 5)P 2 at focal adhesions (see Sup- 

plemehtafyrlriformation) 

'*■ ■ - • • ;■ . .3f? - ! ;.-- 
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plgurefrpil^ to membrahes and. assembly into focal 

adhesions Transfected NRK cells were suspended for 1 h then replated on type j collagen 
(see Methods) After the indicated time, localization of PIPKly (green) and talln (red) in cells 
^ visi^ized w ahti PIPKFy serum and and lalin antibodies respectively; Inset, . 
. location of PiPKh^661kd ancl tafinrSee Supplementary Information for quantification of 
PIPKryand talin localization. Scale bar 10 ^m. 
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A functional link between PIPKI^til and FAK was reinforced by 
the observation that PIPKrv66lkd but riot PIPKI766I disrupts 
targeting of FAK to focal adhesions. PIPKI766I and PIPKlY66Ikd 
both target to focal adhesions and colocalize with FAK (Fig. 4b and 

a IP:anU-HA 

Ad. suspend 

Stimulate;. J J g ^ 
IB: talin 
IB: HA 




PIPKhti61 RPKT635 PIPKh661. . P^PK^i661kb , 



1.1 I* 1 I 



11 lit 1 1 11 
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data not shown). High expression of PIPKJ766I did not affect FAKV 
targeting. In contrast, the expression of PIP K*y 661 kd resulted in 
complete Joss of FAK targeting to focal adhesions in 39% of the 
expressing cells. A number of other focal adhesion proteins were; 
analysed to determine the effect of PIPkfy661 and PIPKhrSeikfr 
expression. From these studies, paxiliiri and vinculin were more" 
resistant to changes induced by ectopic"expression of PIPKPy661 or 
PIPKI-y661kd (see Supplementary Information). 

The interaction between PIPKJ766I and talin apjpears criticalfor 
focal ad^ 

integrtn binding site regulated by Ptdlhs(4,5)p2 is located in the 
head region of talin within the PERM domain? I7 ~ 19 Proteins 
containing the FERM doraahVsuch as protein 4.1 and talin, interact, 
with integral membrane proteins, such as glycophorin or mtegriiis,^ 
fmd.:these|interactions. axe^ modulated : by: Ptdlns(4i5) Pj^refoM?,:: 
24,25).TCerefo^ 
ant in the initiation of focal adhesion assembly via regulation of 
integrih'ljihalri 

{re%l^|^). ■ \ ;' , '11 

We suggest that,- upon clustering of integrins, talin ; and BfPr; 
KI766I are recruited to focal adhesions, inducing synthesis of 
PjdIns(4i5)Pii Spatial ;generatipri of Ptdln^ 
recrm"tment,and regulation'ofprote 

arid FAX. FAK, ma "manner that depends on PtdIns(4i5)Pi rtyrosinf 
phosphorylates PJPiCI^661, and r further stimulates production :qf m 
PtdIns(4,5)P 2 . Regulated and Iodized generad^ || 
facilitates the assembly and/or , disassembly of. focal adhesions 
PrPKI activity is also 'r^^afed: /by small G pr6teihs 4A26 ;aMjB| 
phosphatidic acid, a product of phosphplipase : D (PLE))^PLT) ; f 
activnry is required fo^ actiu stress fibre formation and a -admin 
assembly at focal adhesions-**, in many cells, adhesion h essential for 



djepehdent.upp^^ for its substrdte. : Consequently,Tgener?j 



PIPKI^6di at a signalling branch point that modulates both foal 
adhesion assembly and signals emanating from.focal a^ 

MetHodK ' • • :. • ; 'V* . -;^| 

Constructs; ■"■•1::^" 



I 



Sue-directed mutagenesis for. creation of kinase-dead PfPKI^66 1 (D253A) was performed 
using PCR-pnmcr overlap extension with mutagenic pnincrs'*. The muiagrnK* primers 
were 5 ; -CAAAAT^ 5'-.GTAGCTGf 



The Tiumdoii ym confirmed by DNA sequence aralvsis. A 0.S- kilo lose Xn.al-Uul JJ* 
restriction rrngmen? was used *c repbee A? correspond! n *f res I net i o n fragment irfth* i 
MA— PtPKhf 6fi Up<D MA 5 conslrucu See Suppleniciubrr infoimajion for ^cnerap'oa of ;' 
}FP oinslructs, : c-M^Pjf'Kio^ chimaeras, and recombinant protein eipre^on 

feastj^p-hytrid^sc ^ ^ - . v;?r % '¥i : * 



Figure 4:Functiortal linkage between PIPKryfjei and FAKsigrallirig a In ati. experiments/ 
HA'PlPKry was^mmunoprecipitated (IP) from HEK 293T; cells with an^HAjhUiwdy arid 
analysed by imrnunoblotting (IB) or kinase assay as Indjcated. Top lefti PiPKrY66Halin 
association in adherent (ad.), suspended (suspend.), or suspended ceils stimulated as 
indicated. Top right: PlPKry661 ? but not PiPKrv661kd, is tyrosine phbspnoryrate 
is dependent upon adhesion. Middle, phosphorylation of PlPKry and talin association were 
shown.when cptransfected with GD2FAK or FRNfC Bottom left, adhesion-dependent 
RPr^f36t phos was inhibited by RNK Bottom right, PIPK^ activity when 

wexpre^ed .^th indicated proteins. (See Supplementary Information for quantification.) 
b High expression of PIP^661kd but not PlPKry661 (visualized by an« PIPKh/ serum, 
green) aboliste FAK^vfsualized with anti-FAK, red) from focal adhesions in NRK cells:- 
Scale ^ bar, iO|im. N* A for all results In this Letter. 
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Cell culture, transfection, fmmunofluorescence and confocal microscopy r /h 

H£K 293T cells and NRK cells were cultured in Dulbecco's modified Eaglet medmm 
. (D'MEM), (Mediatech, the j impplemeiilcdi tn^^.I^ITebl.^vine serum (inwrrogroja^jl 
'aritibiotiwVNRK cells w^ according lo 

iw^Btliu^i^tnictions; for 24 h. HEK 293T cells in v I jig mT 1 OTllagen^coai^dj^S?; 
were transfected using 2 jxg PIP kinase expression vector fogetherwith 3^g;frap|K^^pjg? 
pcDN/\j vector; GD2 FAK the caicium phospteterI)NfA;^j|: 

cbprmpitaiipn-w . t^-^^t^S 

Immunofluorescence and confocai mtooscopy wcre-peribrmed as dc«cnbM^^m|: 
were canted by sequentially scairtrung green and: red cKanncls at 0.2 urn stcp^in^V^ 
sections were exported to Adobe Photoshop 6.0 for final image processing. ^ / 
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Expression and purification of PIP kinase jn Escherichia coll 

flagged PlPKla, PtPKJ-,661 and C-tai! of PIPKl^I were expressed in £ co/i and 
purified as described 17 . 

Antibodies 

Anti-talin, anti*vinculin and anti-Flag (M2) antibodies arc from Sigma, Monoclonal 
smbuseanti-PY (JGlO),anti-fi\K (4.47) and anii-paidlHh (5HII) arc from Upsiate; 
Polyclonal rabbit an^PY antibody is from Transduction Laboratories. Ant i- HA; and anti- 
f;Myc antibodies are from Cbvance. Polyclonal PIPKI-f anti-scrum was generated by. 
^Gpwmce using purified His-tagged PlPK>r661. Secondary antibodies are from Jackson 
JlnOTuWrescar^ 

recombinant C-terminus of PIPKJ^66! to cyanogen bromide -activated Sepharose 4B 
XSigma) as described 38 . 

Immunoprecipitation and Immunobfottinfl 

Ummunopreripitatioo was performed as described 31 , Briefly, transfectcd HEK 293T cells 
were harvested and lysed in 50 mM TnVHCI,pH 7.5, 150 mM NaCl t 0. 1% NP-40, 5.0 mM 
• NaF, 2mM Na^V0 4 , ImM Na : Pj0 7> 1 mM EDTA, 0.1 mM EGTA, I mM phenylmethyi 

^sulphonyl fluoride (PMSF), 1096 glycerol; then centrifuged and incubated with protein 

^Sepharose and 5 ng anti-HA, anti-c-MyQ; ant if Flag, or anti-talin antibody as indicated 
at 4!C overnight. The immunocompJexes were separated by.SDS-potyacryiamidc gel 

1 e|ec^phoresis (SDS-PAGE), and analysed as indicated For iaruwe assay, the ' 
"immubocomplexet were washed by arid stored in Idnase buffer. 

f; 

'Cell stimulation and spreading 

|lDurisfected HEK 293T cells were washed with PBS and detached with 0.25%. tiryp^in at 
#*CThcc^ with PBS, and then suspended in scrum-rree 

DMEMat 37°C for 1 lu After stimulation with IOngm!"' platdet-de rived growth factor 
rfPDGFHR^^ 

lysed as above for miraunoprecipitation. For spreading assays, transfectcd NRK cells were 
rd^chedwiih ] mM EDTA\ Wajmed with PBS, ■^m^ : x^ : '(^.w^.^i^'pn 
•1 ligmT' collagen-coated coversKps m serum-fire DMEM. After the indicated time, the 
coverslips ivere fixed and stamed as described above. 

Received 2; June; accepted I August 2002; dofcl 6.1 038/naturcOl 032. 
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Double-strand breaks occur during DNA replication arid are also 
induced by ionizing radiation. There are at least two pathways 
which can repair such breaks: non-homologous end joining and 
homologous recombination (HR), Although these pathways are 
essentially independent of one another, it is possible that the 
proteins Mretl, Rad5p and Xre2 are myolved in both pathways in 
Saccharomyces cerevtsiae 1 . In vertebrate cells, httle is known 
about the exact function of the Mre 1 l-RadSO-Nbs 1 complex in 
the repair of double-strand breaks because Mrell- and Rad50- 
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